shapes, and temperatures that are similar to those of X-ray coronal loops (Lang, Willson and Rayrole 1982; Lang, Willson and Gaizauskas 1983; Lang and Willson 1933, 1984) . Because the radio brightness temperatures are nearly equal to the electron temperatures of coronal loops, the radio radiation is most likely due to a thermal radiation mechanism.
The two possible thermal processes are thermal bremsstrahlung, or free-free emission, and thermal gyroresonance radiation, or cyclotron emission. The electron temperatures and electron densities inferred from X-ray observations of coronal loops can be consistent with either optically thin or optically thick thermal bremss:rahlung at 20-cm wavelength, but these parameters can also be combined with plausible estimates of the coronal magnetic field strength to show that thermal gyroresonance radiation can also become optically thick at this wavelength (McConnell and Rundu 1983; Shevgaonkar and Kundu 1984) .
Wnen thermal gyroresonance dominates, one right detect individual cyclotron lines as narrow-band enhancements in the radio spec:ra of coronal loops.
Theoreticians have predicted that such thermal cyclotron lines might be observed if the radiation is emitted from relatively thin layers in the corona where the magnetic field is nearly constant (Syrovatskii and Kuznetsov 1980; Zheleznyakov ei and Zlotnik 1980; Kuznetsov and Syrovotskii 1981) .
The spectrum of a line-like feature was subsequently observed at wavelengths near 20 cm when the apex of a coronal loop was resolved (Willson 1985) . Observations of these lines provide an unusually accurate method of specifying the coronal magnet field strength. The -"
central frequency of the line must be a harmonic of the gyrofrequency, and the narrow linewidth provides tight constraints on that frequency and the relevant magnetic field strength.
Although there have been rapid recent developments in the observations of 20-cm coronal loops, there have been relatively few comparisons of simultaneous 20-cm and soft X-ray observations. Such comparisons can help specify the dominant 20-cm radiation mechanism, while also establishing the physical parameters of the coronal plasma. X-ray spectral lines can, for example, be used to calculate the electron temperature and electron density while the radio observations can uniquely specify the strength and structure of the magnetic field.
In this paper, we provide an example in which the coronal radiation at 20-cm and X-ray wavelengths coincide. The observations are presented in §II, where we also present radio spectra that are attributed to a thermal cyclotron line. In §III, we provide values for the electron density, electron temperature, and magnetic field strength in these coronal loops and attribute the 20-cm radiation to thermal gyroresonance emission. The X-ray values of electron density and electron temperature are combined ith the 20-cm brightness temperature and the cyclotron line to calculate the harmonic of the gyrofrequency. Our results are summarized in §IV.
%--- The half-power beamwidth of the individual VLA antennae ranged between 26' and 31', and the synthesized maps constructed from up to 325 interferometer pairs had beamwidths between 3.0" x 3.5" and 3.6" x 4.2". The active region was observed with the VLA at successive pairs of wavelengths for 5 min. each, so that all 10 wavelengths could be observed in 25 min.. This sequence of observations was followed by successive 2 min. observations of the calibrator source PKS 0552 + 398 whose flux density was 1.7 Jy at 1465 Miz. The calibrated data for the 9 hour interval were used with the standard CLEAN procedure to make synthesis maps of both the total intensity, I, and circular polarization or Stokes parameter V. No solar bursts or flares were observed during this interval, and the synthesis maps therefore refer to the quiescent, or non-flaring, radio e-ission. There was no detectable circular polarization ( V/I 4 15t ) suggesting that the region was optically thick to both the extraordinary and ordinary modes of wave propagation a:
20-cm wavelength.
The 14" collimated field of view of the FCS was rastered over a 4' x 4' area with a pixel spacing of 10" x 10". X-ray images were obtained simultaneously in the five soft X-ray emission lines every 990 s throughout the orbital day which lasts about 60 min. All of the available data for each spectral line during each orbit were then summed and averaged to improve the statistical uncertainty on the count rate from each pixel. Significant emission was detected in the two softest channels -0 VIII and Mg XI. The peak formation temperatures for these lines are 3
x 106 K and 7 x 106 K, respectively. The failure to detect emission in the harder, more energetic channels indicates that the active region was unperturbed by any flaring throughout the period of observation. The SMN Bent Crystal Spectrometer (BCS) confirmed the absence of flares as no significant brightenings were observed in its Ca XIX channel during these observations.
The PCS also produced a white-light image that showed the sunspots, making it possible to align the X-ray images with the sunspots to an accuracy of 10.
The VLA maps of the total intensity, I, at 20-cm wavelength were aligned with Ha The maximum brightness temperatures are given in Table 1 and plotted as a function of observing frequency in Figure 4 . This spectrum contains a line-like feature with a central frequency, v, 1650 Sz and a full-width-to-half-maximum, Lv, of 80 M-iz. As discussed in more detail in §TI1, we 4% % attribute this feature to a thermal cyclotron line and use it to obtain an accurate estimate of the coronal magnetic field strength.
III. DISCUSSION
To identify the dominant thermal radiation mechanism at 20 cm, one needs to know the electron temperature, electron density, and the magnetic field strength.
The X-ray data were therefore used to infer the mean electron temperature, Te, and the mean electron density, Ne, for the regions marked A, B, and C in Figure 5 . As previously mentioned, the active region was so quiescent and was only detectable in the two softest X-ray channels (0 VIII and Mg XI). The ratios of the two lines (0 VIII to Mg XI) were used as temperature diagnostics.
An emission measure was inferred from the temperature and the observed X-ray fluxes.
The electron density was then calculated using a volume of 3 x 1027 cm3, which equals the product of the FCS pixel area and a typical soft X-ray scale height of 3 x 109 cm.
The mean temperatures and densities are given in Table 2 . We obtain average values of Te -2.6 ± 0.1 x 106 K and Ne -3.1 ± 0.3 x 109 cm -3 when averaged over all the coronal loops or arcades cf loops. Here, the uncertainties correspond to the =aximum possible deviation that reproduces the flux in all the detected X-ray lines to within I standard deviation of the observed values. The inferred values of electron te=perature and electron density are typical of those of quiescent coronal active region loops. Within the uncertainties, the observed loops were isothermal and isobaric, but there was a statistically uncertain tendency for a hotter temperature at the loop apex.
We may use the parameters derived from X-ray observations to estimate the optical depth and brightness temperature of the X-ray emitting plasma at radio wavelengths.
Assuming an isothermal source of electron temperature, Te, and optical depth, T, the observed radio brightness temperature, TB, will be given by TB -T Te for T << 1 (optically thin) and (1)I TB = [ I -exp (-T) ) T e for T • 1 (optically thick).
The free-free optical depth, f-f, for an isothermal loop with electron temperature, Te, and width or thickness, W, is (Lang 19S0) =ff = 9.8 x 10-
v Te where v is the observing frequency in Hz and Ne is the electron density in cm -3 .
Using v = 1.65 x 109 Hz, corresponding to the center of our line-like feature, together with the X-ray values of Te = 2.6 x 106 K and Ne -3.1 x 109 cm 3 and a typical loop thickness of W 4 1 x 10 9 cm in equation (2), . obtain :z_: 4 0.14.
The plasma is therefore optically thin to thermal bremsstrahlung at this frequency, and the bremsstrahlung brightness T B < 3.6 x 105 K is an order of magnitude lower than the observed brightness temperature.
'S
We must therefore examine the alternative possibility of thermal gyroresonance radiation. The optical depth, Tg-r, due to gyroresonance absorption is given by (Zheleznyakov 1970 
WV
Tg.r > Tf.f -0.14. We will adopt Tg-r -1.0 and determine the harmonic number, n. If we assume a magnetic scale height LH -1 x 10 9 cm and a = 65*, the solar longitude of AR 4663, then we may use these parameters together with the X-ray values of Ne = 3.1 x 109 cm -3 and Te = 2.6 x 106 K in equation (4) to obtain n = 4.
To put it another way, the fourth harmonic of the gyrofrequency becomes optically thick to gyroresonance absorption with TB -Te and 7 g-r > Tf.f.
We can use equation (6) However these are general arguments based upon homogeneous, isothermal models.
When Table 1 and Figure 4 are examined in greater detail, we notice that inhomogeneities are required. For example, the 20-cm brightness temperture, TB, is usually lower than the electron temperature, le, suggesting that the radio emission from the hot, optically thick loops is partially absorbed in a cooler external plasma. In addition, the TB at 1650 z is greater than *e, suggesting a thin, hot gyroresonance layer similar to that proposed by Willson (19E5). The detailed radio spectrum is probably due to a mixture of hot and cool loops whose average properties are inferred from X-ray observations.
-. -Here, we should point out that individual cyclotron lines are observed near the apex of coronal loops where the magnetic field is relatively constant and a steep temperature gradient may exist. Neutral currents might also play a role, leading to intense radio emission from a relatively thin layer near the loop apex. The cyclotron lines from loop legs will, however, exhibit a great deal of spatial structure if the loops are thin enough (Holman and Kundu 1985) . Observations of thin loops at an oblique angle with wavelengths of about 6 cm should lead to the spatial resolution of cyclotron-emitting layers along the loop legs, while observations of the loop apex at X -20 cm can resolve cyclotron lines in this region.
Both techniques can provide a powerful diagnostic of the magnetic and thermal properties of coronal loops.
[I [I L- The maximum brightness temperature of the coronal loops of AR 4663 at 10 closely spaced frequencies on 1985 June 7. The maximum temperatures were inferred from the 9-hour synthesis maps shown in Figure 3 , and the error bars correspond to the peak-to-peak fluctuations in the background temperature of the synthesis maps. 
